5

| A
rrerrrer

BERKELEY LAB

Pre-cooling and DR Tool

Development
. Peng Xu
March 26, 2007
% Sponsored by the California Energy
Ier Commission through the Demand
PUB};LBSL:"I::E::::;R:}:I:__i?f:;ll:ﬂ Response ResearCh Center -

L AWRENCE BERKELEY NATIONAL LABORATORY
rage 1



.
A overview

» Large commercial buildings (LBNL)
— Field tests

— Quick assessment tool

* Small commercial buildings (Purdue)
— Field tests

— Quick assessment tool

e Conclusions/future work
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Executive Summary

* Precooling and demand shed strategies worked well
in many commercial buildings and were able to
reduce peak cooling loads significantly (15~80%).

* Properly controlled exponential temperature setup in
the shed period can discharge thermal mass smoothly
and with no rebound.

« No noticeable changes on occupant comfort level if
zone temperatures are controlled within desired
ranges.

* Night precooling and night ventilation can reduce
both HAVC peak demand and energy consumption in

£

= _\‘ heavy mass buildings, but not in light buildings. pier
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Shifting With Thermal Mass

" Precool at night during off-peak hours
* Adjust daytime setpoints to control discharge

* Cooled structure reduces daytime, on-peak
cooling loads

" Savings due to

» Reduced on-peak energy and demand usage
* High COP at night and early morning
* Night ventilation

3
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:
|-Case Study - 2003

 Started 1n August 2003

* Purpose - preliminary study to assess
potential and need for further work

— Potential demand reduction/load shifting in
moderate-weight buildings

— Effectiveness of precooling and zone
temperature reset

— Comfort and complaints




|
|- est Site Description

* Medium-sized government office building
— Santa Rosa, CA
— 80,000 ft? (40,000 ft? office + 40,000 ft> courthouse)

— 3 stories

Typical building structure

— 4 1n. concrete floor, 4 1n. concrete wall, medium furniture
density, standard commercial carpet

High window-to-wall ratio

— Floor to ceiling glazing on south and north facade

+ Typical internal loads =g SR

* Number of occupants
— ~100 (office branch)




se study results — 2003

Limited and Extended Precooling (warm days)

—a— baseline —m— Limited precooling —e— EXxtended precooling
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study results — 2003

Extended Precooling (hot days)
—a— Extended precooling 2 —a— baseline
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The building was pre-cooled at 68 °F from midnight to
S5am, and at 70 °F from 5 am to 12 pm. After 1 pm, the
temperature was raised to 78 °F. :
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:
r.ase study - 2004

« Key questions to answer:

— Although there were no complaints, what was the actual
comfort reaction?

— What is the effect of extended (nighttime) precooling?
— What will happen in hotter climate zones?

Test sites
— McCuen Property, Sacramento County building
— Santa Rosa Federal building
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site 1n Sacramento

Owner: McCuen
Property

 Tenant: Sacramento
County office

e Area: 80, 000 ft?

e Year: Built in 2001

* Control: Automated
Logic Control

« HVAC: Rooftop
Package Units
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study results — 2004

——o—Basel i ne —— ExXPr ecool i ng —<—Precool i ng
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mal demand limiting

—— Baseline —>¢ Precooling
Outside peak temp = 96 °F
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based comfort survey

° Sent Survey request Please answer the following questions based on your experience right now:

emails twice a day
How would you rate the current temperature in your workspace?
O Much too warm

O Too warm

O Camfartably warm

o TWO Self-aSSCSSGd O Comfartable (and neither coal nar warm)
. O Comfartably cool
questions OToo cool

O Much too cool

Does the current temperature in your workspace enhance or interfere with
your ability to get yvour job done?

Enhances &g I:) » sfeole & DI B Interferes

Any additional comments or recommendations about the current
temperature?
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miort Survey

Thermal comfort

morning
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.
r-:ase study - 2005

Questions to answer

— How can thermal mass be discharged more efficiently and
more smoothly with no rebound?

— What will the comfort reaction be if temperature is
controlled properly?

— What are the metrics of the building thermal mass and how
are they determined?

Q
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.
A Field test I - 2005

» Oakland Science Center
» Glass building — low mass
* 4 story building

» Single duct VAV systems
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and Shed Strategies
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esults (shed strategies)

_ Test 8 9 Baseline . Test 8_10 Preclg + linear set up
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Field test 11

» Chabot Space and Science
Museum

*Heavy mass building
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study results — 2005

Chabot: Whole Building Power, Sept 29

300 \
250 W\/\ \ 75 kW shed

o I

Whole building power (kW)
S
o
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—— Actual —= Baseline

The building was pre-cooled at 68°F from midnight to Sam, and at 70°F from 5
am to 12 pm. After 12 pm, the temperature was gradually raised to 76°F. The

maximum shed period was from 3pm to 6pm (high price CPP period). o
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gy consumption (Chiller)

Energy Comparison
= Chiller kWh W Extra Fan kWh
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:
r-Case study - 2006

Questions to answer

« Will the strategies work equally well 1in extreme
weather conditions?

— Critical peak pricing would typically be invoked on extreme
hot days

— Will the comfort reaction be different?

— Will load shed be large enough?
— Will sheds last long enough?

Q
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i.-Building in Visalia

« Met all basic criteria

— Required some minor
programming changes to
their existing EMS
system

— 130,000 Sq. Ft.
— Single Occupant

— Very motivated and
cooperative property
manager
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ing + linear temp reset

—— Baseline
— night & morning precooling + linear temp set up
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ling + exp temp reset

kKW

Cooling power

Baseline —— morning precool + exp temp set up
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Test: Sensation
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Id Test Summary

# of Sites Peak % Strategies Comfort Peak.
reducti  (whole outside
on building) temp

2003 1 (Santa 2.3 ~60% Preclg + temp set No complaints 90-95

Rosa) W/ft? up (one step) oF

2004 2 0.5~2. 10~66% Preclg (w/0) + Comfort survey 85-90
(Santa Rosa, 0 W/ft? temp set up (one °F
Sacramento step)
2005 2 (Oakland 0.5~1. 10~25% Preclg (w/o) + Comfort survey 80-85
0 W/ft? various shed and + indoor oF
recovery monitors
strategies
2006 1 (Visalia) 0.5~1. 10~15% Preclg (w/o) + Comfort survey 95-100
0 W/ft? various shed and + indoor oF
recovery monitors
strategies
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Market Outreach

* Audit 10 large commercial buildings for ease
of DR implementation

 Interview building owners and utility account
representatives.
* Building audits indicated

— Good peak shifting potentials in large office
buildings

— Little technical barriers of implementing DR

strategies
— Lack of knowledge, resources, and incentives are
the main barriers o

Page



.
A Successful Story

Philadelphia Custom House

Precool to ~70 °F in morning

12006-2006, saved almost $70,000
during 2005-2006

12006-2007,expects savings of nearly
$100,000 (about 15 percent of the
facility’s annual electricity bill)

Slight—perhaps 5 percent—energy
(kWh) penalty from the pre-cooling
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_ick” Assessment Tool

« Evaluate demand reduction and cost savings
for large commercial buildings

— Predict peak load reduction
— Compare demand shed strategies
— Predict comfort

— Analyze energy cost

— a‘ P._!Q.,r




Method

EnergyPlus prototypical office building model (Joe Huang’s model)

A 4.572m (0,30.480, 3.048) - Roof /Nonh
North = 7 < (45.720, 30.480, 3.048)
ZONE Up
(ToP FLOOR) $ 4572m 4
A 4
PER-
Top Floor
?T(F, . P
) bT(F,
)
COR-T Intermediate Floor i ~ | 3.048m
; s
i K (45.720, 30.480, 0)
First Floor - (45.720, 30.480, -3.048)
(0,0,0) +>
= 45.72m U’ 30.48 m
East (0,0, -3.048)
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AC systems

Outside Air Mixer (::I

Zone Equipment Side;

PLANT —> Zone Mixer <&
Demand IT:) <{|
CHILLED WATER LOOP Inlet Pipe
i > pPsSplitter
Supply Outlet Pipe
Plant Loop Supply Plant Loop Démand Side
Mixer Bypass (Pipe) Splitter Pump Demand q
¥ Outlet Pipe Joi
Chilled water

Cold water 1_»_

Splitter ~ Bypass (Pipe) Mixer

Air System

Demand Inlet Demand Outlet Pipg

Pipe Plant Loop Demand Side A4
b Plant Loop Supply Side

Supply Outlet

Pipe Bypass (Pipe)

Plant Loop Demand Side

Cooling
Mixer L Tgower |

CHILLED WATER CONDENSER

Plant Loop Supply Side

LOOP PLANT

HOT WATER LOOP
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-2 Energy+

Same over year
Hourly | iculate | Heating/cooling
heating/cooling |+ T loads ) Tirue
loads _
l T Each time step
System Meet T System . T
simulation Tset true simulation true
_Load AT !
adjustment | T =T
_ set true
=UA*AT - Ttrue'Tref.
l | Total UA of the zone |
Neglect thermal mass effect in Thermal mass effect fully
adjustment accounted
Strengths: fast Strengths: accurate
Weaknesses: Buildings in simulation Weaknesses: running slowly,
,*\] trend to be lighter than real ones hard to configure p|er
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|
I.-r User Inputs — Basic Info

dZipc
L Builg
J Conc

ode: automatically retrieve weather files
ing orientation: North axis

1tioned stories

L Builg

ing dimensions: length/width/height

 Utility rate

JEn

ergy charge

dDemand charge
dCPP




|
I.-Jlal’ User Inputs —Load

1 Internal loads

O Occupants, lighting load, equipment load
d Construction materials

1 Automatically configured

 Title 24 compatible

1 User adjustable
1 Ratio of window to wall

1 Each orientation

L ier
= pe




User Inputs

r_?"‘ Simulate input form E]|E|[g|

ingle parameter nput | Temprature Setpoint and workday holidap shedules

Energy and demand charges

Locatlon Building information:

Euilding names: Large Building
Mame: Berkeley ID

Marth Axis:

Terrair: Urban :"

Zone and Sudace information

Conditioned Stories: IE;
Mortherm Fatio of %indow ta wall;

Floor Length: {4572 it southern Ratio of Window ta wall
Floorwide: |30.45 B Western Ratio of Window to wall:

E aztern Ratio of 'Window to wall:

111]

Floor Height: |3.042

Mass Level:  |High mass vi

ft

| Other Information:

Occupancy: 500 M

lighting: 11" W
E quipment: 10 w

= A confirm . Ier
rj’r}] ‘Iil PO T i
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|
I.- User Inputs —DR Strategies

Temperature set points schedules
1 Zone temperature set points

1 Chilled water temperature set point
d  Supply air temperature set point
1 HVAC running schedule

d CPP schedule
U Implement DR only in CPP days
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I.-ranced User Inputs

U O0O0DDO

Time step

Zone depth

Weather file

Customer defined IDE file
Internal mass properties
Material type

Weights

Surface area

U OO0

Heat exchange co-efficient

Q
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|
I.-dvanced User Inputs

Running period

d Begin month of simulation

d Begin day of month of simulation

d End month of simulation

1 End day of month of simulation

d Day of week for start day
EnergyPlus running speed control

d  Minimum system time step
d  Maximum HVAC iterations
1 Loads convergence tolerance value
d Temperature convergence tolerance value
d  Maximum number of warm up days Q
L IC
T;El ‘m‘ pm,....m
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I
|..Analysis tool

output

Awverage zohe temprature and comfort  Energy consumption and power | Energy cost ]

step ]hourl_l,l daily ]monthl_l,l] seasonal]

Pleaze input the period yauwant to see

day; i1 j'
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le Method DR Tool

« Simple regression

500 95
method <
idm e — _—
— Extrapolate from one ’/] / \ h £
test condition to £ M —7 ot
B
another 3 - — a0 E
= 2]
— Tool developed for ¢, ! ok
. . - .
retail stores withno 3
. 04 - 70
windows 375598880878 F08
« IKEA, Target e e e e e
Time

——Baseline —DR demand — % over ZT SP frig —IT 5P IT read

o pier
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.
|-. Conclusions — So Far

* Precooling and demand shed strategies worked well
under both mild and extreme hot weather conditions

and were able to reduce cooling loads significantly
(20~30% on hot days).

* No noticeable change in thermal comfort if the
temperatures are under control.

* Properly controlled exponential temperature setup in
the shed period can maximize load reduction.

* The night precooling results are mixed. It worked
well in heavy mass buildings but had no noticeable
effects on typical and light office buildings. S




.
_R Tool Next Step

* DR tool development
— Beta release: 6/2007
— Next phase: 6/2007 to 6/2008

— TAG
* Volunteers for the TAG

* Inputs from audience

— Who are the potential users?
— Who will test 1t?
— Define DR tool functional requirements.
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